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- new and useful Improvements in.the Manu-
facture of Sulphuri¢ Acid, of which the fol-- -
““tower may or may not be used, as in any-par-
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UNITED STATES

. 394569@65

| WILLIAM ¥. LAMOREAUX,

'PATENT OFFICE.

OF ISABELLA, TENNEsSomn.

' MANUFACTURE OF SULPHURIC ACID.

4 ‘Ap‘plicatién filed May 29, 1922, 'Seria‘l No. 564,454,

T'o all whom it may concern: e

Be it known that I, Wrtriam F. Lamo-
REAUX, a citizen of the United States, resid-
ing at Isabella, in the county-of Polk and
State of Tennessee, have invented certain

lowing is a specification. S

This invention relates to an improved
process or method of producing sulphuric
acid from sulfur dioxid.obtained from the
burning of elemental sulfur, or from oxides
of sulfur such as are confained in variable

by or liberated from any furnace.smelting,

» roasting, or calcining pyrite ores .or other
sulfur bearing materials.. RS

My invention further relatesft()'inlprdvé-

- ments in the apparatus which is used in the

raanufacture of silphuric acid and -especi-
ally to the supplementing of the usual cham-

" bers and towers, or indeed the substitution

therefor, with apparatus such as will in-
cresse the quantity of acid produced in a

: 0 as are ! - -nitrogén. compound;
sdmixture with air in:the gases generated.-

The object of my present invention is to
produce directly by chemical reaction sul-
phuric -acid of 60 degrees Baumé strength
(77.67 ‘per cent H,80,) or higher degree,

55,

‘without the use of any solid catalytic agent -

‘and without the use of-extraneous heat.
_In my invention, the customary Glover

ticular case seems most desirable, but I pre-
fer to not use the Glover tower except in

-such cases where the manufactured acid’

-must be quite entirely free of any dissolved

Ir my invention §

) %i'de's' of nitrsgen, either
in -gaseous form or

80 -

o

dissolved in sulphuric .

acid are used ac the oxidizing agents, al-,

- though they function mere as catalytic, or

:-pseudo-catalytic, agents than otherwise,
sulphuric anhydrid is in reality derived al-
.maost entirely from the atmosphere through
the ‘intermediary agency of the nitrogen-
oxide compounds. The nitrogen oxides may

. be introduced through the Glover tower (in

given amount of reaction space and in a the usual manner, if such a tower is used) or

¥-since the oxygen required for formation of

given interval of time and with a 'less in the form of sodium mitrite or nitric acid.

amount of labor and materials, ‘this being . which may be introduced directly into the

dccomplished by the introduction of me-

chanical means for inducing and maintain- . ~
‘by . the reaction 280,4-0,=280,, a large .
It is an

ing a rapid and constant intensive commin-
gling of the acid making materials thereby
providing for a rapid and thorough bring-
ing into contaét of the molecules of all of
the reacting fluids both gaseous and liquid,

3 .as will be hereinafter more fully set forth in

stich manner as may be clearly understood
and practiced by those versed-in the manu-
facture of sulphuric acid, ; :
In the »rior art of sulphuric acid manu-
facture there is found no disclosure of any
method of producing strong sulphuric acid
(that is, acid containing more than 90. per

_cent of H,80,) by direct chemical reaction,

except through the use of solid catalytic
agenls~—such as platinum, or iron-oxide.
All other methods have comprised the use of
evaporation sffects obtained in concentrating
towers or other vessels, wherein the ‘weaker
acid s subjected to heat sufficient to. elevate
the acid to its boiling point, or distillation
temperature, and whereby the acid may be
finallv concentyated to a strength of approx-
imately ninety-eight per cent of 1,50,

reaction apparatus which I employ.
In the formation of sulphuric anhydrid

amount ' of  heat ‘is liberated.
exothermic reaction and, in ‘accordance with
the well known laws of physical chemistry,
such reactions are quantitatively augmented
by the withdrawal or removal of such liber-
“ated heat substantially as soom as formed.

If this heat is not withdrawn, the reactions.

eompletion.

" are retarded ‘and never attain_quantitative
To remove or dissipate the'

‘heat. of reaction there are employed in the-

chambei process large leaden chambers to
. provide adequate ares of surface for radi-

sation of the heat to the outer atmosphere,

5.
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- but this object is always far from perfect .

- attainment.
““contact,” or catalyvtie, processés of sul-
phuric acid ~manufacture, elaborate and
costly heat-exchangers or other means of

Similarly, in. the so-called

100

cooling the reacting pases have to be pro-

vided. My invention comprises the instant
and simultaneoys”absorption 6T the heat by
providing - intimate contact of the “gases
(having low specific Lieats) with the cooled
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liquids (having comparatively higher spe-
cific heats) which ave continuously ceoled
and circulated in large volumes through the
acid-making apparatus which T employ.

In certain other processes for the manu-
facture of sulphurie acid the sulfur di-
oxide is brought into contact with large
volumes of nitrous vitriol (nitroso-sul-
phuric acid or HSNO,) in such quantity
that the power of the nitroso-sulphuric acid
to oxidize the SO, is maintained uncondi-
tionally,—that is, so that there iz no nitroso-
sulphuric acid in'the plant which is so weak
as to be inactive for the oxidation of the
sulfnr dioxide. ¥n such processes it is
necessary to keep the strength of the nitrose-
sulphuric acid within certain limits, in order
that on the one hand sufficient water for.
quick reaction may be present in the acid
and on the other hand the capacity of the
acid to contain nitrous guses and take up
nitrous gases that have been liherated may
nevertheless be preserved. In my invention,
these limitations are not necessarily im-
posed, for I cause the SO, laden gases to
enter the reaction apparatus wheréin, in
counter-flow  direction, there is introduced

“strong nitroso-sulphuric acid or nitrous

vitriol, whirh in its downward flow is pro-
gressively and continuously denitrated by
the ascending sulfur dioxide. Tn- this
manner the gases rich in sulfur dioxide
are bronght into contact with' the acid con-
taining the minimum quantity of nitrogen
oxides and the gnses containing the already
largely depleted SO, content are brought in
contact with the maximum quantity of
nitrogen oxides. Through reaction with the
wulfur dioxide such nitrogen oxides s
may be Jiberated in the lower part of the
reaction apparatus are in part re-absorbed
in the upper levels of the apparatns and
descend again into the reaction zone, Sowme
of the nitrogen oxides ave, however. not
re-absorhed in this apparatns, and that these
oxides may and shall be absorbad and this
recovered for re-nse, a second nnit of “ap-
paratus is provided for this purpose.

The above deseribed method of operation
ig the one which I generally prefer to use
bui T have commonly emploved the method
in which the reacting fluids, both gaseous
and liquid, are eansed to flow in the same
direction through the acid-making appari-
tos and I do not, therefore, wish te vestrict
my inventibn to the first method alone but
rather to include hoth methods, either aof
which may be émployed without departing
from my 1nvention. :

"Throughout these reactions there is main-
tained a deficiency of water, such as would
otherwise be necessary for.the formation of
1,80,, and consequently "practically only
sulphuric anhydrid (80,) is produced and-
liberated - in gasgous form, and since the

solution in the  circulating

1,456,000

strengths of the acid in the first and second
units of my apparatus are not suitable for
the quantitative absorption of the sulphuric
anhydrid thus formed (nor is it intentional
or necessary that they should be), the sul-
phuric anhydrid is conducted to the third
unit of apparatus containing sulphuric acid
of such strength that all of the sulphuric
anhydrid is completely absorbed therein.

In the * chamber ” process of manufactur-
ing sulphuric acid, whenever there occurs a
deficiency of water, a large quantity of
nitroso-sulphurie acid will be left undecom-
posed and by excessive concentration of the
acid accumulating in the bottoms of the
chambers the nitrogen compounds will be
retained in solutiom, thus removing them
from the atmosphere of the chambers and so
losing their aid in oxidizing the suifur
dioxide; but in my present invention this
undesirable condition is avoided, or rather
advantage is taken of the solubility of these
nitrogen compounds in sulphurie -acid, for
the sulfur dioxide is caused to rveact di-
rectly with these nitrogen compounds while
retained in solution.

Tn all chemical reactions involving either
homogeneous or heterogeneous equilibria, it
is known through the well established laws
of physical chemistry that the removal of
the products of reaction substantially as
soon as formed will augment the further re-
action of the remaining components. Ad-
vantage of this law is taken mm my present
invention through the continuous and con-
current removal of the sulphuric anhydrid
substantially as soon as formed thus accel-
erating and augmenting the reaction be-
tween the sulfur dioxide and oxygen; this
reaction, as previously stated, being brought

about through the intermediary, or pseudo-.

catalytic, agency of the nitrogen ¢ompounds
present in the gaseous atmosphere, or in
nitro-sulphuric

acid. o
Tt is a further well known fact that cata-
Iytie, or pseudo-catalytic, action is closely
associated with the phenomena of adsorp-
tion and, in turn, the latter pheromena may
be rationally. considered as manifestations
of surface phenomena which are closely akin
to the forces of adhesion. An extremely sub-
divided phase possesses a relatively large
sutface compared with the mass of the sub-
stance and in applying my researches to the
investigation of these phenomena as per-
taining te the manufacture of sulphuric

cacid, T have discovered that solutions of the

nitrogen oxides in sulphuric acid {forming
the se-called nitroso-sulphuric acid) may be
employed as a catalytic agent for the re-
setion: 250,4-0,=290,, provided that the
nitroso-sulphuric acid is subdivided to an
extremely high degree of dispersion. Such
a high degree of dispersion may be attained
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‘by the means described in my co-pending ap-
“plication (Serial No. 462,673 filed Aug. 16ty

1921) and by maintaining the strength or

* specific gravity -of - the nitroso-suiphuric

10

“acid at such a degree that there is never

present, in proportion to the sulfur dioxide
which is oxidized to sulfur trioxide, a suffi-
cient amount of water directly to form sul-

phuric acid, then, in that event the sulphuric

anhydrid formed will not be absorbed in the

nitroso-sulphuric -acid but will be liberated

intothe gaseous phase whence it may be re-

- moved by the ‘gas stream and subsequently

20

absorbed in strong sulphuric aeid. ,

.In thé above manner the acid used for
absorbing the sulphuric -anhydrid ~would
continuogysly increase in strength due to the
solution of the SO, but to overcome this,
weak acid obtained from the first unit is
continuously added so that the strength of

“the absorbing acid is maintained at any pre-

deterniined degree. by these means. The
strength of the absorbing acid should pref-

‘erably be kept at (@) about 97 to 99 per

cent H,S0, or (b) should contain 27 per
cent (or more) of free SO,. Each of; these
particular strengths.of acid-offers the ad-
vantage that sulphuric acid of such strengths
have a very slight corroding action, if any,
upon iron, so that this metal may be used
as a material for the construction of the ab-
sorption apparatus, and the firiished product
will contain only small traces of iron.
The reactions that-actually take place ac-
cording to my invention are rather obscure,
although the combined results of these re-

i actions are as though. the Teaction was

5 HSN05+2S02AF(};:—:QSO;;-{-}TSNOE

from which it will be seen that the nitroso-
sulphuric acid (HSNO;) acts as the catalytic,
or'pseudo-catalytic, agent through the inter-
mediary of which the oxidation of the sulfur
dioxide is effected. ‘ . L

" Tt will be observed from theabove equation
that the nitroso-sulphuric. acid constitutes
a liquid phase and that in the gaseous phase,
two molecules of SO, unite with one mole-
cule of O, to produce two molecules of SO,
thierefore, there occurs a shrinkage of one-
third in the combined volume of the react-
ang S0, and O, which dictates the reduction
of temperature and increase of pressure in
order to augment the rate of reaction, there-
fore, these two variables arve, at all itimes,

. kept superinduced and under careful control.
" The production of high dispersion of the\ diately or simultaneously causing the dis-

(41

liguids and gases by the method as herein
described. enables me to use a considerahle
pressure throughout the system, such pres-
sure, as; above pointed out, enhancing the
reactiony Such pressure may be many times
eorenter than ean be used in ordinary lead
chambers, For example, I have used pres-
sure up to 16 pounds absolute pressure, and

1,458,088
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this pressure may be increased to the extent

.that economical operation will warrant.

In principle, in my invention the rapid
oxidation of sulfur dioxide appears to be
brought about in the following manner:
With the extreme dispersion of the nitroso-
sulphuric acid in the form of very fine spray
or mist there is presented to the gases an
enormous extent of liquid surface avea there-
by inducing such active adsorption phenoms-
ena that large volumes of both SO, and O,
become adsorbed or: concentrated upon the

75

surface. of the liquid and react to- form S},

through the medium of the nitroso-sulphuric
acid; but when the minute particles of liquid
are subsequently coalesced and gathered 1nto
larger masses the adsorption power of the
liquid is at once greatly reduced and it is
no longer capable of retaining the SO, —the
latter, therefore, escapes into the gaseouns
phase to be caried away in the gas stieam,
and finally to be absorbed and retained in
conicentratéd sulphuric acid. :
Having described the nature of the reac-
tions believed to take place in the manufac-
ture of sulphuric anhydrid according to my

_invention, and furthermore having shown or

indicated wherein and whereby these reac-
tions can be gecblerated or augmented, I will
now disclose several methods of acomplish-
ing these desired ends, namely by producing
the greatest possible area of reacting surface
between the gaseous and liquid reagents,
which method comprises the high degree of
dispersion of the liguid phase within that

~of the gases, and also comprises the high

80
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100

degree of  dispersion of the gaseous phase

within that of the liguid.

“To obtain this high degree of dispersion
of the gaseous and lignid phases within each
other respectively, T may employ any oune of
the well known rotary or centrifugal types
of gas washers such as the Feld washer of
vertical type, or the Theisen washer.of hor-
izontal type;—indeed, any type of apparatus
that will produce such.a state of high dis-
persion as to present the maxjmum area of

‘reacting surface between the gases and

liquids may be used to carry out the purposs
of my invention but it is quite essential that

“with whatever type of apparatus that may

be used there shall be effeeted a continuously
proceeding. method of dispersing the liquid
phase components in order to produce newly
formed surface films for the absorption of
the gaseous phase componenis and inime-

raption of such adsorbed films substantially
as soon as formed, by coalescence in a col-
lecting mass’ of liquid, saild dispersion and
coalescing continuing in a rapidly repeated
cyclic order. -
Suitable apparatus for carrying out my
process -is illustrated somewhat diagram-
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matically in the accompanying- drawings, °
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forming part of this specification, wherein—

Figure I is a section through one form of
apparatus for finely subdividing liquid and
bringing the particles into contact with the

gases,

Figure 1I shows one arrangement of plant
wherein the usual type of Glover tower may
be used. .

Figure I1I shows a modified arrangement
of plant wherein no Glover tower is used.

In the accompanying drawing (Figure I),
I have chosen the Feld washer to illustrate

‘oné type of well known and commercially

used apparatus which I have successfully
employed in carrying out my invention, but
I do not wish to limit my invention to this
part.cular.type of apparatus or mechanism.

The Feld washer consists of a number of

separate washing chambers 20, mounted one
above the other. The ports or openings 21
in the bottom of each chamber act as pas-
sages for the ascending gas. as well as over-
flows for the counter-current flow of the
liquid. The vertical shaft 22 suspended
from a self-centering, anti-friction bearing
23 is provided in each chamber with a series
of concentric frustums of cones 24, The

number of cones varies with the size of the

apparatus.  The spacing between the bot-
tom of the chamber and the botttom edge
of the conds increases toward the shell in
order to provide for their egnable immer-
sion in the liquid, as well as to secure ade-
quate agitation thereof.  Such parts of this
apparatus as come into contact w'th acid,
are made of non-corrosive material such as
Tead, or are lead protected.  When the ver-
tieal shaft 22 is revolved. these cones 24 pick
up or pump. the lguid which is thrown
horizontally  with  considerable  veloeity

“through the outer perforated distvibuting

55

60

65

cone. Additional Tmpetus s given  the
liuid at this peint by the greater rim
speed of the distributor. and the Tiquid s
projected throngh the gas space in the form
of fine. high velocity spray, which, upon
itpact with the shelllis still further hroken
up into a mist or fog, thus producing »
very high dispession of the tiquid absorh-

“ing-medium. and throngh which, and in inti-

mate contact therewith. the gases dve com-
pelled to pass. There is also contintious
cirenlation of Tliquid within each washing
chamber,sand vertically downward from one

. ¢chamber to another. ' .

~ Trurthermore the violent agitation of the
Haquid within éach chamber of this appa-
atug eauses an enforeed entrainment of the
reacting gases within the cireulating liquid
medinm.  Tn other words, by the violent
ag'tation of the liquid the reacting gases
are dispersed in the form of minute bub-
bles, thus obtaining - a dispersion of the
enseors phase within that of the Tiquid.
Thig is evidencod by the fact that immedi-

1,456,085

ately npon discontinuance of the agitation
it wili be found that the liquid effervesces
due to the escape of the minute gas bubbles.
These combined methods of dispersion,
namely, (¢) that of the liquid phase within
the gaseous one and, {b) the dispersion of
the gaseous phase within that of the liquid,
together with the alternating humidifying
and scrubbing effect to which the gases are
subjected in each chamber, provides a
means of enforcing the intimacy of contact
and the extended area of reacting surface

between gases and liquid necessary to accel- -

erate and augment the chemical reactions in-
velved in the manufacture of sulphuric acid
according to my invention.

In Figure 11, I have illustrated one of the
wavs of carrying my invention into effect,
in which particular case the usnal type of
(ilover tower may be used. The more es-
sential pieres of apparatus comprise (@) the
reaction apparatus 4, wherein the sulfur
dioxide is oxidized to sulfur trioxide, or
sulphurie anhydrid, through the intermedi-
ary -agency of the oxides of nitrogen and
n'troso-sulphuric acid; (&) the apparatus
10 wherein the nitrogen oxides which are
set free in washer 4 are subsequently ab-
sorbed and recovered, this apparatus serving
to perform the reactions usually accom-
plished by means of the well known Gay-
Taussac towers, and (¢) the sulphuric anhy-
drid is absorhed and recoverved in solution
by concentrated sulphuric. acid as will be
presently more clearly explained. In this
same drawing (Figuve II) the letter A
designates the main flue conveying the sul-
fur-bearing gases: from the furnace or
roasting appardatus to the Glover tower
which muyv be of nsual construction desig-
nated by the numeral 1. In the fiue A is
nstially built the niteating apparatus for
eeneprating the nitrie aeid and oxids of nitro-
aen required in the subsequent oxidizing
veactiong, these compounds mixing with the
sulfur dioxide prior to entrance into the
hottom of the Glover tower. From the
(ilover tower 1. the gases ave drawn through
the pipe B by means of the centrifugal fan
or prossure blower C and are in turn forced
into the Feld washer ov appavatus 4. From
the washer 4. the res'dual gsses (composed
prineipally of nitrogen, oxygen. nitrogen
oxides and suiphuric anhydrid) pass

“{hrouch the pipe D to the Feld washer or
jid Py

apparatus 10 swhere the nitrogen compounds
are abgorbed. Trom the washer 10, the
gases wholly or substantially free from’ all
sajuable nitrogen compounds but yet con-
taining the sulphuric anhydrid are con-
dncted through the pipe E to and passed
through the washber 14 wherein the sul-

phuric anbydrid is entirely absorbed and

recovered. From washer 14. the residual
‘gases,. substantially free from all valuable
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nitrogen and sulfur compounds, escape to to tank 9 and caused to admix with the

the atmosphere through the exit pipe\F. weaker nitrous v'triol which is meanwhile -

: . N i . . ) < .
By means of the compressed air 'system{G circulating through the Feld washer or re-
and H, the several acid-circulating systems action apparatus 4; by this means the

are operated according to the usual practice strength or “nitrosity” of this circulating 7
in acid manufacture ;—thus, the denitrated vitriol is kept at a predetermined strength

~.and concentrated acid (of approximately 60 proportional.to the flaw and. tenor of the

10

degree Baumé gravity) from the Glover sulfur dioxide which enters the reaction ap-
tower 1 is collected and cooled in the tank| paratus 4, and at the same time there is
9 and by means of the monteju 3 is pumped! precluded a sufficient quantity (or dif-
to tank 17 in such quantities as may be | ferently stated,—there is maintained a de-

* found necessary to maintain the strength of :ficient quantity) of water to unite with the

15.

the acid in tank 17 at.approximately ninety: sulfur. trioxide, or sulphuric anhydrid,
seven to ninety-nine per.cent.sulphuric acid; formed; whereas if sufficient water were
and from'tenk 17, the concentrated sul- otherwise present, it would unite with the
pharic acid flows to and through the washer anyhydrid directly to form sulphuric acid.

" 14 wherein_ the sulphuric anhydrid is ab- The “nitrosity” of the admixed acids from

sorbed and ‘thence info tank 15 where the tanks 9 and T is so apportioned that the acid

~acid-is cooled by means of suitable cooling flowing from the reaction apparatus 4 into

25

strengt

30

“to continuously dilute the acid in tank 17 so for a finished marketable product which .

40

or refrigerating coils, and from tank 15 the theicooling tank 5 may or shall have been,

acid fows to the montejus 16 to be again by reaction with sulfur dioxide, compietely

pumped to tsnk 17 for re-circulation. In or almost wholly denitrated, and by means
the process of absorbing the sulphuric an- of montejus 6 the acid from tank 5 is con-
hydrid, the-acid ecirculating through the tinuously pumped to tank T thence to be re-
washer 14 tends to increase in strength and  circulated through the reaction apparatus
unless grecaution( be taken:to prevent the 4. As any excess quantity of acid, -more

of the acid becoming greater than than that required for re-circulation, ac-
97 to 99 per cent H,SO, its absorption cumulates in tank 7, it is continuously or
power~~that is, for Tetaining sulphuric intermittently withdrawn to tank 19 thence
anhydrid,—rapidly decreases, and for this to pass through the Glover tower 1 wherein
reason the weaker acid from tank 2 ‘s con- it can be almost completelv denitrated and
tintously added, (or water or steam may at the same time concentrated to approx-
instead be added by moeans of the pipe W) imately 60 degree Baumé strength suitable

that its strength may be kept at any pre- may be delivered to tanks, although a por-

. determined deeree, preferably between 97 tion of th's acid is  usually returned back
. to 99 per cent H,S0, or to contain more to the acid making system through monte-

“than 27 per cemt free SO, .as has been jus 3 to tank 17 and thus-to’ resume the
already explained. In proportion to the cyclic order of performance as described
accumulation of the strong acid formed by above. In case more intensive reactions are

absorption -of sulphuric anhydrid in the desired to be brought about in the reaction

- washer 14, the amount in excess of the re-
* quirements for absorption purposesisdrawn

45

apparatus 4, additional reagents in the form
of nitric acid or other sources of nifrogen-

off into tank S. this acid represents the cur- compounds may be added through pipe N,

- rent production of sulphuric acid made by quite independently of, or to supplement.

~my process. From time to time, either con- . the amount of such nitrogen compounds con-

50

finuously or -interm’ttently. _
conditions may determine. a portion of con- tower 1.

cenfrated acid from tank 17 is permitted to  In Flg'ure IH', T have illustrated another’
- 118

flow over to tank 18, thence flowing through way of cireulating the acid liquids such as

" washer 10, to admix with the wedker acid may be employed in carrving out gy inven-

therein and so increase ité strength in order. tion without the use of a Glover tower. The

. “that it may be ma‘ntained at approximately essential pieces of apparatus. comprise (a)

;.59 to 61 degrees Baumé, this strength be- the reactjon apparatus 4, (b) the apparatus
?/ ing best adapted to the rapid and complete 10 for absorption of the nitrogen-oxides; and
“absorption of gaseous oxides of nitrogen.

(¢) the apparatus-14 for the absorption of

. From washer 10. the acid is collected and sulphuric anhydrid; in each case the appa-

60

“monteju 12 is pumped to tank 13 for recir- consists of a Feld washer a

‘cooled in tank 11 and thence by means of ratus chosen for the purpose ‘of illustration
nd each of which

culation through washer 10. As and when functions_in the manner vreviously de-

‘the circiilated acid in tank 13 becomes suffi- scribed. . Tn this same drawing (Figuove

4

ciently saturated with oxides of nitrogen, TIT) the letter B designates, the main flae
"thus forming the so-called nitroso-sulphuric conveying the sulfur-bearing gases from the
acid, or “nitrous vitriol, portions of this furnace or roasting apparatus to the ¢en-
pitrong vitriol are withdrawn from tank 13 trifugal fan C, through and bv means; of

as operating currently introduced through the Glover
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which the gases are forced into the Teld
washer or apparatus 4—in case, however, the
temperature of the gases is too high for
practicable operation “of the Lentufuml fan
€, when placed as thus shown; then in that
event it may be located beiween the re-
action apparatus 4 and the absorptlon appa-
ratus 10, and in this way the temperature
of the gases will be sufficiently reduced dur-
ing their passage through the réaction appa-
ratus 4 so that they will have no harmful
effect upon the fan. In the reaction appa-
ratus 4, the sulfur-dioxide contained in the
entering gases is oxidized to sulfur trioxide,
or sulphuric anbyrid, through the inter-
mediary agency of the oxides of nitrogen

.. and nitroso-sulphurie acid which are simui-
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tdneously circulated. through this apparatus
4. From the latter, the guses (consisting
principally of n1t10gen, oxygen, oxides of
nitrogen .and sulphuric anhy drid) pass
throuﬂ‘h the pipe I to the Feld washer or
‘\ppfxratub 10 where the nitrogen compounds
are absorbed. From the W‘Lsher 10, the re-
maining gases pass through the pipe E to
the apparatus 14 wherein the sulphurie an-
hydrid s entirely absorbed and recovered.
From the washer 14, the residual gases es-
ape_to the atmosphere through exit pipe
K. Dy means of the compressed air system
G and H, the several acid-cireulating sys-
“tems are ()pel‘nt(‘d according to usual prac fice
in ‘mld manufacture. I‘hrouoh the pipe N,
there is .continuously or mto_t'mlttoutlff fod
into tank 7 a supply of nitrie acid, solution
of sodium nitrate, or otherisources of ni-
trogen compounds which by reaction with
the sulphuric acid that is maintained 'in cir-
culation through the apparatus 4 will pro-
cuce those nitrogen compounds of suitable
quality and in Adoqlmte quantities to act as
the intermediary, or pseudo-catalytic, agents
for the 0\1(1‘11:1011, of sulfur dioxide in ac-
cordance with the purposes of my invention
as hereinbefore set forth. The supply of
nitrogen compounds thus added to the acid-

nml\m" system throngh the pipe N is ordi- .

narily “that required fo make up any deple-
tion that normally ou‘m’s through ‘the loss
of these compounds; the amount added Le-
ing so regulated that the “nitrosity” of the
vitriol entermw the top of the renction ap-
paratus 4 ig at “all times kept definitely pro-
portioned to the amount of sulfur dioxide
to be oxidized und, at the same time, so
apportioned that the acid ﬁowmfr from the
reaction apparatus 4 into the coohnn tank
b shall have been completely, or almost
wholly, denitrated by reaction with the
80,5 at all times the streiagth or gravity
of the nitroso-sulphuric acid is maintained
at. or adjusted to, such a degree that in pro-
}‘)Oltlon to Lhe amount of SO, converted into
80, there is never present an adequate
amount of water to combine with all of the

in this appu
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latter anhydrid and thus form H,80,~-con-
sequently the 80, remains in the anhydrid
form: all of these reactions being controlled
m‘mup.nl} by manipulation of the volumes,
temperature, and gravity of the circul dtmg
acid which is caused to pass through the re-
action apparatus. It will alse ke under-
stood ti 1.1t the gases vichest in sulfur dioxide
and oxygen entering through the gas inlet
B are brought into “contact with denitrated
sulphuric acid but, as they ascend.through
the reaction apparatus, they come into con-
tact with mnitrous vitriol of gradually in-
creasing | strength, and through reaction
with the sulfur (lm\u{ such mtro«ren orids
as are liberated in the lower p.l_ﬂs of the
reaction apparatus are in-torn_partly ve-
abserbed in the upper levels and again de-
scend into the I‘e‘wtmn zone in a contmu
ously repeated cyvelic ordery—s me of these .
nitrogen oxides are, however, not alsorbed
atus but are carr ied by the gas-
stream- into the absor rption appuaratus 10.
IFrom the tank 13, a continuous fHow of sul-
phurie aeid {preferably of 59 to 60 degree
Bawmé gravity) is cirenlated through this
absorption apparatus which absorbs and re-
tains the nitrogen oxides in selution or com-
bined (hemxmll\ therewith in the form of
mtmw sulphuric acid, or nitrous vitriol;
{he Talter thence ﬁowm(r into the ('nohno-
tank 1 {0 be pumped bv means of the mon-
teju 12 to the tank 13, to. be re-circulated
through the absorption apparatus 10. As
and when the deid in tank 13 becomes suf-
ficlently saturaled with oxides of nitrogen,
nm'imn‘ of ihrs nitrous vitriol are trans»
ferved to tank 9 for use in the reaction ap-
paratus 4, During the progress of oper-
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_ations, the acid in circulating through’ the ~105

ahsmbu 10 fends to nnduailv decrease in
om\'lt,r due to dlhmon by waler, or water
vapor, contained in the gases; and to coun-
teracl this effect of dilution (which if net
corrected would decrease the absorption
power. of the acid) conecentrated acid from
tanks 17 and 18 is added in such quantities
that the admixed acids are maintained at a
gravity of approximately 59 to 61 degrees
/Throngh  the' absorption appa-
abus L there is letu'uou:lv circulated sul-
phmw wid of any predexermwea strength
(but preferably of 97 te 99 per cent H S0,
content) whith acts as the sulphuric an-
hydrid absorption- agent; cireulstion being 120
effected by, means ot the monteju 18 as
shown. Due to the absorption of 8Q, the
strength of this acid tends contmuousiy Y]
increase, and to correct and countrol the -

110

ctre*wth {o a prederermmed degrae where is
continnousls vy introduced into ﬂm wixing
the required proportion ‘of weaker
obtained \from the
(or water, or steam may be added
il pmmrtzon

17

tank 1
and domtra‘eﬂ Cacid.
tank 5

bw means of the pipe W),
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to the accumulation of the strong . acid

formed by absorption of sulphurie anhydrid
in the apparatus 14; the amount in excess of
the requirements for absorption purposes is
drawn off into tank S, this acid represents
the current production of sulphuric acid
rade by my process. g

It will be understood that the general ar-
rangement of apparatus shown in Figures
TI and TIT arve only two methods of carry-
ing out my invention by means of a well
known and commercially used type of gas-
washer, and I do not wish to limit my in-
vention to this particular arrangement of
apparatus or to this particular type of ap-
paratus or mechanism, ‘

By means of these acid-eirculating sys-
tems. the proper quantities and qualities of
cireulating acids, cooled to the proper work-
ing temperatures, can be easily kept under
control so as to maintain a uniformity of
quantitative and qualitative factors through-
oub the whole eycle of the chemical reaction;
for, owing to the rapid circulation of both
the gaseous and the liquid materials and the
conveniently afforded means of regulating
the quantities of these materials in varying
proportion to each other, faulty conditions
promptly ascertained
and corrections as promptly made, this elas-
ticity of control being of the greatest im-
portance in the manufacture of sulphuric
acid. ' , ,

My process is adapted for use in produc-
ing sulphuric acid from sulfur-dioxide
laden gases, such as are obtained by burn-

ing sulfur or pyrites, or as by-products

R ¥
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from roasting or smelting furnaces, or from
other sources.

I claim: .

1. In a process of oxidizing sulfur diox-
ide to sulfur trioxide in presence of water,
the method comprising dispersing the liquid
phase into the gaseous phase, the amount of
water present being insuflicient to. unite
with the whele of the sulfur trioxide result-
ing from the oxidation. .

-9, Tn a process of oxidizing sulfur diox-
ide to sulfur trioxide in presence of water,
the method comprising dispersing the liquid

phase into ‘the gaseous phase, In presence

of a catalyst, the amount of water present
being insufficient to unite with the whole of
the sulfur trioxide resulfting from the oxida-
tion. )

3. In a process of oxidizing sulfur diox-
ide to sulfur trioxide in presence of vater.
the method comprising dispersing the Tiquid
phase into the gaseous phase, in presence of
an oxy-nitrogen catalyst, the amount of
water present being insufficient to unite

with the whole of the sulfur trioxide result-

ing from the oxidation.

_4. In g process of making sulpharic acid

4

by oxidation to SO, in presence of H;O,
the method of accelerating the reactions be-

85

tween liquid and gaseous phase components, ~

which consists in dispersing the liquid phase

into the gaseous phase and re-collecting the -

same, suid liquid phase containing insuffi-
cient H,O to react with the whole of the SO,
resulting from the oxidation. o

5. In a process of making sulphuric acid
by oxidation to SO, in presence of H,O
the method of accelerating the reactions be-
tween liquid and gaseous phase components,
which consists in_alternately and repeated-
ly dispersing the liquid phase into the gase-
ous phase and re-collecting the same, said
liquid phase containing insufficient H,0 to
react with the whole of the SO, resulting
from the oxidation. - . :

6. The method of oxidizing SO, to SO,
which comprises bringing a gas mixture
containing sulfur dioxide and oxygen into
contact with nitroso-sulphuric acid in a

state of extreme dispersion, whereby SO,

and O, become adsorbed upon the surface of
the liquid particles and react to form SO,
thereupon coalescing the minute particles
of liquid particles into larger masses, where-
by the adsorption power of the liquid is re-
duced and SO,
the SO, in concentrated sulphuric acid.

7. In a process of making sulphuric acid
by oxidation of sulfur dioxide In presence
of water, the method of accelerating the re-

‘action between the liquid phase, which com-

prices an oxy-nitrogen catalyst, and. the
gaseous SO, containing phase, which con-
sists in continuously and so highly dispers-
ing the liquid phase as to present! the maxi-
mum ares, of reacting and adsorbing surface
between the gas and liquid, the liquid con-
taining insufficient water to react with the

whole of the sulfur trioxide resulting from

the reaction, and recovering sulphuric an-
hydrid from the stream of gases,

8. A process as claimed in claim 7 includ-
ing the step of removing the heat of re-
action by continuously circulating and cool-
ing the liquid.

9. The method of making sulphuric acid
which comprises subjecting the gases formed
by the method of claim 7, said gases con-
taining sulphuric anhydrid and nitrogen
oxides, to inthmate reaction with highly dis-
persed sulphuric acid of about 60 degrees
Baumé. in ljquid phase, and then absorhb-
ing the purified sulphuric anhydrid in con-
centrated acid of about 98 per cent H,50,
content.

10. The method as claimed in claim 9 in
which ‘the sulphuric anhydrid is brought
into intimate molecular contact with highly
dispersed concentrated sulphuric acid.

11, A sulphuric acid plant comprising a
reaction appsaratus, an apparatus for ab-

is liberated, and absorbing
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sorbing nitrous oxides, awd an apparatus apparatys and to the first absorption appa-
for .absorbing sulphuric anhydrid, each ap- ratus, for cooling and circulating the liquids
paratus having means for mechanically pro- therethrough. ' : 10
ducing an exceedingly high dispersion of  In testimony whereof, I affix my signa-
liquids into the gas stream, means for puss- ture. ‘ :

ing the gases through the apparatus in se-

‘ries, and meaus connected to the reaction WHM. F. LAMOREAUZX.



